To direct expression of a gene, RNA polymerase (RNAP) must efficiently transcribe (copy) DNA into an mRNA molecule that is thousands to millions of nucleotides long. Organisms from bacteria to humans regulate gene expression by making RNAPs that readily hesitate, stop, or fall off the DNA template when they encounter certain sequences (called pause, arrest, or termination signals). There also exist auxiliary proteins that switch RNAP from a state that is susceptible to pausing, arrest, and termination (defined here as hesitant) into a state that is resistant to these signals (defined here as overdrive).
In a Research Article on page 611 of this issue, Yarnell and Roberts (1) explain how the bacteriophage X protein Q makes the RNAP of Escherichia coli resistant to termination sequences in the DNA. Their study offers important insights not only into bacterial mechanisms of termination and overdrive (called antitermination in bacteria), but also into an intriguing but poorly understood mechanism of human gene regulation in which RNAPII switches between inefficient (hesitant) and efficient (overdrive) modes of mRNA chain elongation.
To understand the implications of this study, one must appreciate the extraordinary conservation of RNAPs and their contacts to RNA and DNA (2) . All cellular RNAPs contain two large, highly conserved subunits that hold -30 base pairs of DNA, melt (denature) -18 base pairs into a bubble to unmask the template DNA strand, keep the first approximately eight nucleotides of RNA paired to the template in the bubble's downstream half, and then extrude the elongating mRNA chain through an upstream channel (see the figure; other less conserved subunits help to assemble RNAPs or play auxiliary roles). To work efficiently, RNAP must move freely along the DNA without losing its grip because, once released, mRNA chains cannot be extended any further. Recent findings suggest that RNAP retains its grip on the DNA by allowing the RNA:DNA hybrid, the duplex DNA in front of the RNAP's active site, and the exiting mRNA transcript to slide rela- Yarnell and Roberts used termination sequences in which a particularly unstable RNA:DNA hybrid is produced by a sevento nine-nucleotide uracil-rich RNA sequence preceded by an RNA secondary structure called a terminator hairpin. The unstable rU dA base pairs induce RNAP to pause (1, 5) , which gives the terminator hairpin time to form close enough to RNAP to trigger release of the mRNA transcript and the DNA from RNAP Release occurs because the hairpin prevents RNAP from backtracking to form a more stable hybrid and then either breaks critical RNA contacts in the exit channel or pulls the mRNA out through the exit channel. If a hairpin forms three to four nucleotides further away from the mRNA 3' end, it appears to contact RNAP and stabilize the pause by pulling the 3' end away from the site where nucleotides are added to the elongating mRNA chain (6, 7) . This hairpin contact also could help terminator hairpins to form.
If RNAP is not blocked by a hairpin, uracilrich mRNA may cause RNAP to backtrack into an arrested conformation from which it can resume elongation only by cutting off the protruding 3' segment of mRNA. 
